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differentiation between 1- 
and u-mesons, 122-24 
identification of 7-mesons 
in, 122-24 
latitude effect in, 126-27 
and m-meson life, 23-25 
m-meson production and, 
17-18 
and 7-meson scattering, 
33-34 
T-mesons in, 130-33 
multiplicity of meson 
production in, 126-29 
neutral 7-mesons in, 
124-26 
nomenclature in, 107-08 
nuclear interactions of, 
107-35 
mean free path for, 
111-21 
origin of electron showers 
in, 17 
penetrating shower pro- 
duction by, 116-19 
photons from neutral 
m=-mesons, 125-26 
primary flux of, 110 
primary particles 
charge of, 109-10 
at mountain elevations, 
109-10 
ratio of neutrals to 
charged, 110 
at top of atmosphere, 109 
R-star analysis, 24-25 
secondary particles of, 
121-26 
charged particles in, 
121-24 
deuterons and tritons in, 
122 
z7-mesons in, 121-26 
protons in, 122 
star production and, 
121-22 
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sequence of events in, 
108-09 
stars and showers defined, 
114 
V-particles in, 133-35 
Cosmotron, see Synchrotron, 
proton 
Countercurrent flow 
in isotope separation, 
294-300 
Counters 
coincidence method in 
cyclotrons, 160-61 
proportional, 226-29 
as beta detectors, 227-29 
comparison with Geiger 
counter, 229 
end effects in, 227 
filling gas for, 228 
general precautions in 
design of, 227 
for low energy betas, 
228-29 
pulse discriminating 
coincidence, 162 
use with synchrotrons, 194 
scintillation, 209-26 
as alpha detectors, 226 
in beta-gamma angular 
correlation studies, 226 
in beta ray spectrometers, 
226 
in coincidence spectrom- 
eters, 225-26 
in decay scheme studies, 
225-26 
energy resolution in, 216 
figure of merit for, 210-11 
measurement of, 210 
values of, 211 
gamma ray measurement 
with, 218-25 
hollow crystal detector 
and, 218 
in u-meson life measure- 
ment, 35 
in neutral u-meson 
detection, 5 
optimum energy resolution 
of, 210-11 
as pair spectrometer, 225 
phosphor efficiency in, 
211-12 
phosphor light collection 
in, 212-13 
photomultiplier tubes for, 
216-17 
portable detectors and, 226 
resolving times of, 209 
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solution phosphors and, 
212 
two-crystal gamma spec- 
trometer, 224-25 
See also Phosphors 
Coupling 
antisymmetric, 53 
L-S 
failure of, 49 
for odd mass, 45-51 
and nuclear model 
validity, 48-49 
spin-orbit in shell model, 
59-61 
Cryogenics, 413-40 
Crystals 
scintillation properties of, 
214-15 
See also Phosphors; 
Counters, scintillation 
Curium 
preparation of metal of, 
257 
spectra of, 247, 380 
Curium fluoride, magnetic 
susceptibility of, 248 
Cyclosynchrotron, general 
features of, 165 
Cyclotrons 
fixed frequency, 157-62 
beam focussing of, 160 
chamber design in, 158-59 
commercial construction 
of, 157 


electrode design in, 158-59 


energy limits of, 157, 163 

magnetic circuits of, 158 

magnetic field inhomogen- 
eity of, 159 

maintenance hazards in, 
161 

neutron production of, 157, 
162 

oscillator circuits of, 159 

pulsed operation of, 162 

radiation protection and, 
160-61 

radioactive periods 
measurement and, 162 

research instrumentation 
in, 161-62 

target handling for, 160-61 


technical improvements in, 


158-61 
vacuum techniques in, 159 
frequency modulated, see 
Synchrécyclotron 
Cysteine, in blood irradia- 
tioa, 511 





Cystine, pile activation of, 
526 
Cytoplasm 
in reproduction and 
irradiation, 484 
reproductive particles in, 
491 





D 


Degeneracy, of singlet 
states, 56, 59 
Demagnetization, adiabatic, 
439 
Demerol, mechanism of 
synthesis, 329 
Desoxypentosenucleic acid 
in cancerous tissue, 548 
metabolism of, 547 
Desoxyribosenucleic acid 
biosynthesis of, 578 
radiation effect on, 508 
radiation inhibition of, 484 
turnover rate of, 578 
Detection instruments, in 
cyclotrons, 161-62 
Detectors 
gamma 
photoneutron threshold 
method, 240 
neutron, 234-40 
for fast neutrons, 236 
by proportional counter 
array, 238 
for slow neutrons, 235-36 
foil activation and, 235 
ion chamber methods, 
235-36 
nuclear particle, 207-40 
efficiency of, 209 
fast recovery of, 208 
fast response in, 208 . 
pulse height proportional- 
ity in, 208-09 
significant advances in, 
208-09 
See also Counters, scintil- 
lation; Counters, pro- 
portional; Detectors, ¢ 
neutron; Ionization 
chambers 
Determination, radio- 
chemical, 348-54 
Deuterated amino acids, 
573-75 
Deuterium 
absorption of 7-mesons in, 
27-29 
in gamma ray spectros- 
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copy, 234 
Deuterons 
in cosmic ray secondaries, 
122 
in proton-proton reaction, 
19 
Diffusion 
in irradiated cells, 497 
in metals, 457 
tracer studies of, 332-33 
Dipheny] triketone, de- 
carbonylation of, 325 
Direct theory, radiation 
effect on tissue, 496 
Disproportionation, of 
uranium ions, 253 
Doublet method, 137 
Doublets, in nuclear states, 
56, 58 
Drugs, labeled, synthesis 
and application of, 
556-59, 579 
acetylaminofluorene, 557 
amytal, 579 
ascorbic acid, 558 
barbital, 579 
carbon tetrachloride, 558 
codeine, 557 
dicumarol, 557 
2,3-dimercaptopropanol, 557 
epinephrine, 557 
penicillin, 557 
pentobarbital, 579 
pentothal, 557 
phenothiazine, 557 
salicylic acid, 558 
sulfanilic acid, 556 
sulfapyridine, 556 
vitamin B,,, 558 


E 


Effectiveness, biological, of 
radiations, 501-03 
Electric dipole, transitions, 
63-64 
Electrolyte, irradiation 
effects on, 515 
Electromagnetic isotope sep- 
arator, Calutron isotope 
separator 
Electromigration, isotope 
exchange by, 295 
Electron 
gyromagnetic ratio of, 373 
transfer in exchange, 
305-07 
Electron configuration, of 
heaviest elements, 246- 
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48 
Electron guns, in synchro- 
trons, 185 
Electrons 
drift velocity in gases, 233- 
34 
superfluid, 434 
Electrophoresis, of irradi- 
ated plasma protein, 512 
Elements 
heavy 
spectra of, 379-80 
radioactive 
abundance and distribution, 
470-72 
in rocks, 471 
in sediments, 471 
in water, 471 
Emanation 
in radioanalysis, 357 
in surface studies, 333 
Embryo, radiation effects on, 
505 
Energy, distribution in 
beta-decay, 54 
Energy levels 
available data, 68 
discussion of diagrams, 
72-74 
of even isobars, 84-94 
of light nuclei, 67-94 
method of study, 69 
with alpha particles, 70 
with deuterons, 70 
by gamma-ray measure- 
ment, 71 
with protons, 69 
with scattered particles, 
70 
of odd isobars, 74-84 
Entropy, of superconducting 
state, 434 
Enzymes 
alkaline phosphatase, 507 
amide exchange induced by, 
574-75 
carbonyl exchange induced 
by, 533 
radiation effect on, 506-08 
liver catalase, 507 
sulfhydryl, 506-07 
Equipment, for radiochem- 
istry, 345 
Ergosterol, biosynthesis of, 
582 
Erythrocytes, radiation ef- 
fects on, 509 
Estrone, metabolism of, 546 
Even isobars, energy levels 


Formate metabolism, 540-41 





of, 84-94 
Exchange 

amide groups of amino 
acias, 574-75 

atomic transfer, 303-05 

of carbon dioxide with 
water, 297 

by electromigration, 295 

electron transfer in, 305-07 

equilibrium constant of, 298 

factors in rate of, 306 

formate-pyruvate, 533 

isotopic studies of, 302-18 

mechanisms of, 303 

rate of, 298 

in soils, 601 

studies, summary of, 
309-18 

thallous-thallic, 305 

Exercise, following irradia- 

tion, 516 


Fatty acids 
in depot fat, 544 
metabolism, 542-44 
oxidation of, 583 
site of synthesis, 544 
synthesis of, 543-44 
Fertilizers 
absorption in crops, 604 
phosphorus in, 603 
phosphorus availability in, 
604-05 
rate of application, 607 
Film flow, 414, 417-20 
Fine structure, of hydrogen 
lines, 365-72 
Fission, in 7-meson absorp- 
tion, 32-33 
Fission products 
relative yields of, 152 
uptake in plants, 602 
Fluorine’*®, energy levels of, 
91 
Fluorine’’, energy levels of, 
82-83 
Fluorine’, energy levels of, 
92 
Fluorine’, energy levels of, 
83 
Fluorine”, energy levels of, 
92-94 
Force, nuclear, 64 
equality of, 44, 74 
Formaldehyde metabolism, 
540-41 
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Formylfluorene, reaction 
with formaldehyde, 328 

Fountain effect, 414, 421 

Free radicals, in irradiated 
cells, 497-98 

Frequencies, infrared, in 
solids, 400 

Fumaric acid, biosynthesis 
of, 534 


Gamma rays 
crystal response to, 219-25 
cyclotron hazards from, 
160-61 
energy measurement by 
photoneutrons, 240 
ion chamber spectroscopy, 
234 
scintillation spectrometer 
for, 218-26 
Gas, exchange in, 308 
Gastro-intestinal tract, 
radiation effect on, 515 
Geiger tube arrays, in cos- 
mic ray research, 114- 
19, 122-24 
Genes, reproductive rate and 
irradiation, 418 
Genetic effects of irradia- 
tion, comparative, 487-89 
and fast neutrons, 488 
and gamma-particles- 
ultraviolet, 488 
and visible-ultraviolet, 489 
and x-ray-atomic bomb, 
488 
and x-ray-electrons, 487 
and x-ray-gamma rays, 487 
and x-ray-thermal 
neutrons, 488 
Genetics, radiation effects 
on, 479-91 
in man, 479-81 
Geochemistry, 465-74 
Geology, economic, 467-70 
Germanium, conductance of, 
457 
Gluconic acid, metabolism 
of, 533 
Glucose 
biosynthesis of labeled, 531 
conversion to fatty acids, 
531 
fermentation of 
to ethanol, 553 
to lactic acid, 533 
formed in photosynthesis, 
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530 
metabolism in cancerous 
tissue, 533 
rate of metabolism, 531-32 
Glucuronide, biosynthesis 
from glucose, 532 
Glutamic acid, in tumor pro- 
teins, 573-74 
Glutathione, in blood irra- 
diation, 511 
Glycine 
conversion to serine, 571- 
72 
incorporation in proteins, 
535 
in porphyrin synthesis, 584 
rate of uptake in tumor, 536 
Glycogen 
formation in vitro, 532 
synthesis from lactate, 589 
synthesis in liver, 533 
Growth, radiation effects on, 
503-06 


H 


Half-lives, in B-decay 
theory, 52-55 
Halogens, exchange of, 312- 


14 

Health physics, in cyclo- 
trons, 160-61 

Heat switch, 439 


Heaviest elements, electron 
configuration of, 246-48 
Helium 
fine structure of, 372 
isotopic spectra, 395 
spectra, shifts in, 384-86 
Helium I, 413 
Helium II, 413 
theory of, 414-17 
Helium® 
boiling point of, 425 
critical temperature of, 425 
cryogenics of, 425-33 
A-point of, 427 
Statistics of, 425 
superfluidity of, 426-29 
vapor pressure of, 429 
Helium* 
cryogenics of, 413-25 
film thickness and velocity, 
420 
film transfer rates of, 417- 
20 
A-point of, 413 


properties below \-point, 
413-14 
statistics of, 415 
vapor pressure of, 439 
Helium’, energy levels of, 
74-76 
Helium®, energy levels of, 
84-85 
Helium isotopes 
second sound in solutions, 
429-33 
thermodynamics of solu- 
tions, 429 
Heme, biosynthesis of, 584 
Hemoglobin, rate of syn- 
thesis of, 584 
Hemorrhage, from acute ir- 
radiation, 510 
Histograms, of forbidden 
transitions, 54 
Hydration, in cell radiosen- 
sitivity, 498 
Hydrogen 
absorption of 7-mesons in, 
26-27 
atomic beam of, 368 
atomic spectrum of, 364-72 
atoms, excited states of, 
368 
compounds of, exchange in, 
309 
hyperfine structure of, 373 
molecular spectra of, 393, 
395 
spectrum, theory of, 365 
Hydrogen-tritium, radio- 
chemical determination 
of, 350 
Hydrolysis 
of benzoates, 327 
of y-butyrolactone, 327 
of 1,3-dichloropropene, 327 
Hyperfine structure 
anomaly of, 100 
in barium isotopes, 282 
in calcium, 283 
in enriched isotopes, 282- 
85 
in iron isotopes, 282 
in krypton®, 285 
in lead isotopes, 282 
in neon™, 285 
of neptunium, 391 
in nickel™, 282 
in sulfur*’, 283 
in tellurium isotopes, 282 
in wolfram’®*, 282 
Hypoxanthine, synthesis of in 
liver, 549 














I 


Ignitrons, use in synchrotron 
magnets, 183-84 
Image transitions, theoreti- 
cal studies of, 53 
Immunity, in body irradia- 
tion, 512-14 
Immunology, isotopes in, 559 
Indirect theory, radiation ef- 
fect on tissue, 496 
Indole, metabolism of, 570- 
71 
Induction, nuclear, method of, 
398 
Infection 
after body irradiation, 
512-14 
post-irradiation antibiotics, 
513 
Injury, radiation, relation to 
area, 503 
Instruments 
in radiochemistry, 345-46 
for carbon", 346 
for liquids, 346 
See also Detectors, nuclear 
particle 
Insulin, effect on protein 
synthesis, 576 
Interferometer, in isotopic 
analysis, 402-03 
Iodine 
metabolism of, 552-53 
radiochemical determina- 
tion of, 350 
Iodine!* 
biological half-life of, 552 
inhibition of fixation of, 553 
in thyroid tumors, 552 
utilization in thyroid, 553 
Ion beams, deflection in 
synchrocyclotrons, 166- 
67 
Ion-exchange, separation of 
radioisotopes, 334 
Ion sources 
calutron isotope separator 
and, 264-67 
charge materials for, 266- 
67 
Ionium, radiochemical de- 
termination of, 351 
See also Thorium?*° 
Ionization chambers, 229-34 
alpha energy resolution in, 
232 
boron-lined, 235-36 
boron trifluoride — filled, 
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233 
delayed response of, 232 
deuterium filled, 234 
drift velocity in, 233-34 
filling gases for, 232-33 
Frisch grid use in, 231-32 
in gamma spectroscopy, 
234 
mechanism of operation of, 
229-31 
small collector technique 
in, 232 
thin, use in x-ray beam of, 
189 
voltage pulse shape in, 230- 
31 
Ions, complex, exchange in, 
317-18 
Iron 
exchange of, 315 
self diffusion coefficients 
of, 458 
Iron isotopes 
hyperfine structure, 282 
neutron scattering by, 279, 
281 
Irradiation 
chronic, 486-87 
intensity factor in, 486 
in animal cells, 487 
effects on metals, 441-44 
internal effects of, 516 
Isobaric pairs, nuclear spins 
of, 282 
Isomerism, nuclear, 
in cadmium™’, 286 
in calcium”, 285-86 
in lead, 285 
in tellurium, 285 
in xenon! 286 
Isotope abundance ratios, 
variations in, 150-54 
Isotope effect 
in chemical systems, 
301-35, 318-23 
in lattice symmetry, 318 
on reaction rates, 
of ammonium nitrate de- 
composition, 321 
of benzilic acid rear- 
rangement, 322 
of ethyl benzoate hydroly- 
sis, 323 
of hydrogen and chlorine, 
320 
of hydrogen and methyl 
iodides, 320 
of malonic acid decar- 
boxylation, 321 
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of oxalic acid decomposi- 
tion, 322 
of oxidation of propyl 
alcohol, 320 
of photochlorination of 
chloroform, 320 
of propane cracking, 321 
theory of, 319 
Isotope shift, 382-91 
in barium, 282 
electron motion and, 382 
in enriched isotopes, 282- 
85 
in helium, 384-86 
in lithium, 284 
nuclear field effect on, 390 
polarization effect in, 384 
in samarium, 284 
in thorium, 283 
in uranium, 283 
Isotopes, radioactive, see 
Radioisotopes 
stable 
abundance of, 148-50, 272- 
73, 569 
biochemical research with, 
569-91 
chemical separation of, 
293-300 
electromagnetic separation 
of, 263-87 
hyperfine structure in, 
282-85 
mass and relative abun- 
dance of, 137-54 
in nuclear isomerism 
studies, 285-86 
neutron irradiated samples 
of, 277 
nuclear magnetic moments 
of, 282-85 
nuclear spins of, 282-85 
packing fractions of, 139 
physical research with, 
275-87 
thermal neutron capture by, 
279-81 
two-phase separation of, 
296-97 
See also Calutron isotope 
separtor, Tracers 
Isovaleric acid 
cholesterol from, 580 
oxidation of, 580 


K 


Kinetics, of exchange reac- 
tions, 307-09 
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Klystrons, in linear accel- 
erators, 200 
Kr® 
hyperfine structure in 
spectra, 285 
nuclear spin of, 285 


L 


Laboratory, radiochemical, 
design of, 345 

Lactate, in glycogen 
synthesis, 589 

Lactic acid, from glucose, 
mechanism of, 329 

Larvae, radiation inhibition 
of, 504 

Lead*™, isomerism of, 285 


Lead isotopes 
hyperfine structure in, 282 
nuclear energy levels of, 
285 
Leucine, dehydrogenation 
rate of, 575 
Leucocytes, radiation ef- 
fect on, 510 


Leukemia, and irradiation, 
510 
Light nuclei, energy levels 
of, 67-94 
Limb regeneration, x-radia- 
tion effects on, 504 
Lipids, 579-84 
biosynthesis of 
kinetics of, 582 
rate of, 581 
Lipogenesis, in diabetes, 532 


Liquid drop, two-phase 
model, 63 
Lithium, isotope shift in, 284 
Lithium‘, energy levels of, 
74-76 
Lithium® 
deuteron reactions with, 
278-79 
energy levels of, 84-85 
emulsion loading with, 281 
Lithium’ 
deuteron reactions with, 
278-79 
energy levels of, 76-77 
Lithium®, energy levels of, 
85-86 
Lithium’, energy levels of, 
77-79 
Lymphocytes, radiation ef- 
fect on, 510 
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M 


Magnesium isotopes, deu- 
teron reactions with, 278 
Magnet cesign 
for cosmotron, 171-72 
for cyclotrons, 158 
for proton synchrotrons, 
173 
for synchrotrons, 179-81 
Magnetic moment, of the 
proton, 97 
Magnetic shielding, of 
nuclear moments, 100 
Magnetrons, in linear accel- 
erators, 200-01, 203 
Magnets 
excitation of, 182-84 
field measurement in, 159 
ironless, 180-81 
Manganese, exchange of, 315 
Manures, phosphorus 
availability, 607 
Mass 
of isotopes, 137-54 
of u4-mesons, 35 
of m-mesons, 21-22, 125 
Mass ratios, by microwave 
spectra, 147 
Mass spectrographic deter- 
minations, 138-39 
Mass spectrometer, 140-42 
schematic view of, 141 
Mass spectrometric deter- 
minations, 140-42 
Mass spectrometry, calutron 
isotope separator and, 
269 
Mean free path of intranu- 
clear particle, 64 
Measurements 
new methods of nuclear 
moment, 97-99 
of nuclear moments, 101-02 
Mechanism 
of ammonium nitrate de- 
composition, 331 
of Faworskii rearrange- 
ment, 324 
of inorganic reactions, 330- 


31 
chlorine, oxidation-reduc- 


tion, 330 
of organic reactions, 323- 
30 
catalysis, 327-28 
displacement reactions, 
325-26 
hydrolysis, 327 





oxidation reactions, 326- 
27 
rearrangements, 323-25 
Medical research, radio- 
isotopes in, 525-59 
Mercury 
exchange of, 316 
isotopes, spectra of, 378- 
79 
Mercury ‘**. as wavelength 
standard, 283 
Mercury”, interferometric 
study of, 283-84 
Mercury isotopes, super- 
conductivity studies on, 
286 
Mesons, 1-39 
angular distribution in 
cosmic rays of, 128-30 
multiplicity in production 
of, 126-29 
plural versus multiple pro- 
duction of, 126 
synchrocyclotron production 
of, 164 
i1-Mesons, 34-39 
decay of, 35-36 
decay electron spectrum, 
35-36 
decay of 7-mesons and, 
22-24 
differentiation from 
m-mesons, 122-24 
direct production of,j38 
lifetime of, 35 
masses of, 35 
neutral particles in decay 
of, 36-37 
nuclear absorption of, 
29-34, 37-39 
nuclear scattering of, 38-39 
properties of, 34-39 
spin of, 36-37 
m-Mesons, 1-34 
absorption in deuterium of, 
27 
absorption in hydrogen of, 
26 
absorption by nuclei of, 29- 
33 
anistropy in decay of, 28-29 
charged, nucleon-nucleon 
produced, 19-20 
energy spectra of, 19 
production mechanism of, 
19 
charged, nucleon-nucleus 
produced, 10-13 
energy spectra of, 10-13 





























excitation function for, 10 
a~/n+ for, 11-13 
charged, photon-nucleon 
produced, 7-10 
angular distribution of, 7- 
9 
cross sections for, 8-9 
energy spectra of, 7-8 
field theory for, 7-8 
magnetic origin of, 9-10 
charged, photon-nucleus 
produced, 
cross sections for, 2-4 
energy spectra of, 2-3 
a-/n+ for, 2-3 
in cosmic ray secondaries, 
122-26 
decay of, 22-25 
differentiation from 
uu-mesons, 122-24 
field theory for, 7-9, 28-29 
identification in cosmic 
rays of, 122-24 
inelastic scattering of, 34 
masses of, 21-22 
mean life of, 23-25 
mesic to radiative absorp- 
tion ratio, 21-22, 26 
neutral, in cosmic rays, 
125-26 
mass measurement of, 
125 
neutral, nucleon-nucleus’ 
produced, 13-18 
in cosmic rays, 17 
evidence for existence of, 
13-18 
excitation function for, 
16-17 
gamma spectra of, 14-17 
mass of, 18 
neutral, photon-nucleon 
produced, 9-10 
angular distribution of, 9 
cross section for, 9 
field theory for, 9 
neutral, photon-nucleus 
produced, 4-7 
cross section for, 6-7 
detection of, 4-5 
photon decay of, 4-7 
threshold for production 
of, 5 
nucleonic production of, 10- 
20 
parity of, 26-29 
photonic production of, 1-10 
by photon-nucleon inter - 
action, 7-10 


SUBJECT INDEX 


by photon-nucleus inter- 
action, 1-7 
polarization of, 28 
properties of, 20-29 
scattering by nuclei of, 33- 
34 
spin and parity of, 20 
spins of, 27-29 
statistics of, 25 
T-Mesons, 130-133 
Metabolism 
of amino acids, 537-39 
of carbohydrates, 531-34 
of choline, 541 
of fatty acids, 542-44 
of iodine, 552-53 
irradiation effect on, 508- 
09 
of minerals, 553-54 
of nucleic acids, 546-48 
of phospholipids, 544-45 
of phosphorus, 550-51 
of porphyrins, 539-40 
of proteins, 534-40 
of steroids, 545-46 
of sulfur, 551 
of virus, 549-50 
Metallurgy, radioisotopes in, 
441-63, 456-58 
Metals 
liquid, 461-63 
gallium, 461 
sodium -potassium alloy, 
461 
use in reactors, 461 
radiation effect on, 441-44 
of reactor use, 458-61 
beryllium, 458 
vanadium, 461 
zirconium, 460 
See also Alloys 
Microwave spectroscopy, 
isotopic analysis and, 
269 
Mineral metabolism, 553-54 
Mineralogy, 465-67 
Minerals 
metamict, 466 
thorium bearing, 467 
Mirror nuclei, 73 
spacing of, 44 
Mitosis, delay by radiations, 
504 
Mitotic inhibition, by radia- 
tion, 501 
Molecular beam magnetic 
resonance, 99 
Molecules, diatomic, spectra 
of, 391-96 
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Molybdenum’, nutrition in 
plants, 598 
Molybdenum”, nutrition in 
plants, 598 
Molybdenum isotopes 
nuclear spin of, 282 
proton, deuteron reactions 
with, 279 
Moments 
magnetic, for odd mass, 
45-51 
nuclear, 97-103 
and absolute mass, 399 
nuclear magnetic, 398-99 
quadrupole, of odd nuclei, 
51-52 
Monazite minerals, 467 
Mono ammonium phosphate, 
as fertilizer, 606 
Mutations 
effect on population, 479-81 
hit theory, 485 
by internal irradiation, 489 
radiosensitivity, 485-86 
in different strains, 485 
rate of radiation induction 
of, 481 
recombination factors in, 
486 
relation to mitotic’ cycle of, 
486 


N 


Neon"®, energy levels of, 92 
Neon’’, energy levels of, 83- 
84 
Neon?®, energy levels of, 92- 
94 
Neon”! 
hyperfine structure of, 285 
nuclear magnetic moment 
of, 285 
nuclear spin of, 285 
Neptunium 
chemistry of, 255 
density of, 255 
melting point of, 255 
spectrum of, 380 
Nerve tissue, uptake of 
phosphorus in, 551 
Neutrinos 
in -meson decay, 36-38 
in m-meson decay, 24 
Neutrons 
attenuation in cyclotron 
shields, 160 
capture cross section, for 
isotopes, 279-81 
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coherent scattering of, 279, 
281 
cyclotron production of, 157 
detection of 
in photographic plates, 
lithium® photographic 
plate method for, 281 
effect on aluminum, 441 
effect on copper, 441 
effect on copper-beryllium 
alloy, 442 
effect on copper-gold alloy, 
442 
electrical dipole moment of, 
103 
energy measurement of, 
236-40 
by lithium® loaded plates, 
237 
by photographic plate, 
236-37 
by proton recoil, 238-39 
with threshold detectors, 
239 -40 
hazard in cyclotrons of, 160 
in  ~-meson absorption, 
37-38 
in 7-meson induced fission, 
32-33 
in 7-meson-proton inter - 
action, 26 
scintillation detectors of, 
239 
time-of-flight method and, 
162 
See also Detectors, neutron 
Neutron spectra, measure - 
ment of, 72 
Nickel, isotopes of, neutron 
scattering by, 279 
Nickel® 
hyperfine structure, 282 
nuclear magnetic moment 
of, 282 
Nicotinic acid, biosynthesis 
of, 571 
Nitrates, in plant nutrition, 
591 
Nitrogen 
compounds of, exchange in, 
310 
fixation of, 588 
by nodules, 588 
in proteins, 588 
isotopes of 
amino acids labeled with, 
570-74 
natural abundance of, 569 
isotopic ratio 
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in the atmosphere, 151 
in radioactive minerals, 
151 
Nitrogen’, energy levels of, 
89-90 
Nitrogen”, energy levels of, 
69-70, 90-91 
Nitrogen’®, energy levels of, 
81 
Nitrogen’®, energy levels of, 
91 
N-rays, definition of, 108 
Nuclear decay schemes, 
measurement of, 223-24 
Nuclear energy levels 
in aluminum, 285 
in bismuth, 285 
enriched isotope technique 
and, 285 
in lead isotopes, 285 
in potassium isotopes, 285 
in selenium”, 285 
in silver isotopes, 285 
in thallium, 285 
See also individual isotopes 
Nuclear forces, in 7-meson 
production, 20 
Nuclear induction, by free 
Larmor precession, 98 
Nuclear magnetic moment 
of enriched isotopes, 282- 
87 
of neon”, 282 
of nickel®, 282 
of sulfur**, 283 
Nuclear magnetic resonance 
absorption, 99 
Nuclear model 
extreme single particle, 
45-48 
and L-S coupling validity, 
48-9 
with uniform momentum, 48 
Nuclear moments, 97-103 
anomaly of, 101 
measurement of, 101-02 
new methods in measure- 
ment of, 97-99 
new phenomena in, 99-101 
origin of, 102 
relation to state of system, 
99 
theoretical interpretation 
of, 102-03 
Nuclear spin 
in barium isotopes, 282 
in enriched isotopes, 282- 
87 
of isobaric pairs, 282 


of krypton®*, 285 
of molybdenum isotopes, 
282 
of neon”’, 285 
of tin’?®, 282 
of xenon isotopes, 285 
of zirconium®’, 282 
Nuclear states, description 
of, 49 
Nuclear structure, theory of, 
43-65 
Nuclear theory 
evaporation model and, 31- 
32 
knock-on model and, 31-32 
Nuclei 
configuration analysis of, 
55-61 
doublets states in, 55-56 
Nucleic acid, 576-79 
biosynthesis of, 548 
metabolism of, 546-48 
from pyrimidines, 576-77 
from purines, 577 
turnover, radiation effects 
on, 508 
Nucleoprotein, synthesis of, 
547 
Nucleus, shape of in theory, 
51 


oO 


Ocular lesions, from radiant 
energy, 512 
Odd isobars, energy levels of, 
74-84 
Omegatron 
in mass measurements, 
142-44 
schematic view of, 144 
Organs, blood-forming, 
irradiation of, 509-12 
Oscillators, synchronization 
of, 204-05 
Oxaloacetate, carbon dioxide 
fixation in, 528 
Oxidation of amino acids, 538 
Oxygen 
in cell radiation damage, 
497-500 
compounds of, exchange in, 
310 
transfer in oxidation of, 331 
Oxygen", energy levels of, 
90-91 
Oxygen"®, energy levels of, 
81 
Oxygen", energy levels of, 
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Oxygen’’, energy levels of, 
82-83 

Oxygen'®, energy levels of, 
92 


Oxygen’, energy levels of, 
83-84 
Oxygen isotopes 
natural abundance of, 569 
paleotemperature, determi- 
nation by, 569-70 


P 


Packing fractions, of iso- 
topes, 139 
Pair production 
scintillation detection of, 
225 
in x-ray beam measure - 
ment, 189-91 
Pair spectrometer, and 
7™-meson mass measure- 
ment, 21 
Paleotemperatures, determi- 
nation of, 569-70 
Palmitic acid, oxidation rate 
of, 543 
Parity, in 8-decay, 62 
Pentosenucleic acid 
biosynthesis of, 578 
synthesis in cells, 546 
turnover rate of, 578 
Peptide synthesis, 536 
Permeability, of cell mem- 
branes, 556 
Peroxide, in cell radiation 
damage, 497 
Phase diagrams, see Con- 
stitution diagrams 
Phenylglyoxal, rearrange - 
ment of, 324 
Phosphate exchange in soils, 
601 
Phospholipids 
biosynthesis of, 545 
from labeled fatty acids, 
545 
metabolism of, 544-45 
removal from blood 
stream, 545 
Phosphoprotein, turnover in 
mammary, 547 
Phosphoric acid, as fertilizer, 
607 
Phosphorus 
in cancerous cells, 551 
in cells, 550 
compounds of, exchange in, 
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311 
incorporation into phospho- 
lipids, 545 
metabolism of, 550-51 
in nerves, 551 
in nucleic acids, 547 
radiochemical determina - 
tion of, 352 
ratio in plant uptake, 604-05 
Phosphorus” 
in field nutrition studies, 
603 
nutrition in plants, 598 
transport in plants, 597 
Phosphors 
efficiency in liquids, 212 
efficiency in solids, 211-12 
ionization density effects 
in, 211 
and organic solutions, 213 
photomultiplier mounting 
of, 212-13 
reflectors for, 213 
in scintillation counters, 
211-15 
solution types, advantages 
of, 212 
table of properties of, 214- 
15 
Photodisintegration 
by high energy protons, 195 
synchrotron in, 194-95 
Photographic plates, in neu- 
tron energy measure- 
ments, 236-37 
Photomultiplier tubes 
experimental types of, 217 
magnetic field sensitivity 
of, 216 
phosphor mounting on, 212- 
13 
pulsed operation of, 217 
in scintillation counters, 
212-17 
types used with scintil- 
lators, 216 
Photoneutrons 
in gamma spectroscopy, 
240 
thresholds for, 277 
Photons 
interaction with protons, 7- 
10 
meson production by, 1-10 
nuclear capture of, 194-95 
Photosynthesis, 529-31 
Physiology, irradiation 
effects on, 514-17 
Pile oscillator, neutron cap- 
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ture cross sections and, 
279-81 
Plant growth 
inhibition by radioisotopes, 
600 
irradiation effects on, 506 
Plant nutrition, 597-608 
Plants, nitrogen sources for, 
591 
Plasma, irradiation damage, 
512 
Plasma proteins, labeled 
amino acid synthesis of, 
535 
Plutonium 
chemistry of, 255 
in nature, 255 
spectrum of, 380 
Polarization, of nucleus by 
electrons, 102 
Polonium 
allotropic forms of, 448-49 
density of, 448 
electrical resistivity of, 
449 
melting point of, 448 
radiochemical determina- 
tion of, 351 
Population, persistence of, 
480-89 
Porphyrin metabolism, 539- 
40 
Porphyrins 
biosynthesis of, 539, 584 
metabolism of, 584-86 
Potassium 
exchange in blood, 556 
isotopically enriched 
samples of, 270 
in metabolism, 554 
radiochemical determina- 
tion of, 351 
Potassium*° 
beta spectrum of, 218, 286 
branching ratio of, 153 
enrichment of, 286 
gamma spectrum of, 286 
Potassium isotopes, nuclear 
energy levels of, 285 
Precession frequency, of 
proton magnetic mo- 
ment, 97 
Prodigiosin, biosynthesis of, 
585 
Promethium"™, spectrum of, 
377 
Protoactinium 
chemistry of, 250 
oxides of, 250 
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radiochemical determina- 
tion of, 351 
separation of, 250 
spectrum of, 380 
Proteins 
biosynthesis of, 537 
metabolism of, 534-40 
rate of synthesis of, 575-76 
in organs, 575 
total body, 575 
synthesis of, 534-37, 574-76 
Proteolytic enzymes, activity 
of, 539 
Protons 
in cosmic ray secondrries, 
122 
interaction with 7~-mesons, 
22 
interaction with photons, 7- 
10 
and meson production, 10- 
20 
proton-proton collisions, 
18-20 
spectrum in 7~-meson 
absorption, 30-32 
Purine metabolism, 548-49 
Purines, 576-79 
in nucleic acid biosynthesis, 
577 
Pyrimidine metabolism, 548- 
49 
Pyrimidines, 576-99 
in nucleic acid bio- 
synthesis, 577 
Pyruvate, fixation of formate 
in, 583 


Q 


Quadrupole moments 
of deuteron, 102 
of odd nuclei, 51-52 


R 


Radiation 
acquired resistance to, 502 
biological action of, 495- 
517 
biological effectiveness of, 
501-03 
damage, chemical protec- 
tion from, 499-500 
by cyanide, 499 
by cysteine, 499-500 
by dithiophosphonate, 500 
by glutathione, 499-500 
by thiourea, 500 
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heat restoration in met- 
als, 442-43 
effects on blood, 509-12 
effects on growth, 503 
genetics, 479-91 
intensity-duration factor 
of, 502 
mode of biological action 
of, 495-501 
molecular damage by, 496 
optical, in synchrotrons, 
190, 193-94 
physiological effects 
from, 514-17 
relative biological effec- 
tiveness of, 501-02 
secondary effects in cells 
of, 496 
Radioactivation, analysis by, 
355 
Radioactivity 
hazard in cyclotrons of, 
160-61 
retardation of plant growth 
by, 600 
short period measurements 
of, 162 
Radioautographs of plant tis- 
sue, 597 
Radiobiology, 495-517 
Radiochemistry, analytical, 
343-57 
Radiocolloid formation, 334 
Radio-genetic effects, crite- 
rion of, 480 
Radioisotopes 
biochemical and medical 
research, 525-59 
disintegration schemes of, 
277 
handling of, 345 
mass assignment of, 275-7€ 
in metallurgy, 454-58 
new research methods, bio- 
medical, 526-27 
soil and plant earch, 
597-608 
Radium, radiochemical de- 
termination of, 352 
Radon, radiochemical deter- 
mination of, 352 
Rate of isotopic exchange, 
319 
mass effect in, 319 
zero-point energy in, 319 
Reaction 
halogen traced, 329 
oxidation-reduction rates 
of, 305 





Reflux, in isotope separation, 
298-99 
Relative abundance, of iso- 
topes, 137-54 
Resnatron, use in linear ac- 
celerators, 200 
Resonance 
in electron exchange, 307 
magnetic 
fine structure of, 355-72 
method of, 398 
Resonance frequency, de- 
pendence on state of 
system, 100 
Rock phosphate, as ferti- 
lizer, 605 
Roentgen unit, and synchro- 
tron x-ray beam, 191-92 
Roots 
ion uptake in, 602 
transport of minerals in, 
599 


Samarium 
isotope shift in, 284 
isotopic and hyperfine 
structure of, 387-89 
Scintillation counters, see 
Counters, scintillation 
Scintillators, in electron 
beam detection, 187-88 
Second sound, 414, 420-21 
Selection rules, of 8 decay, 
61-63 
Selenium, exchange of, 312 
Selenium”, nuclear energy 
levels of, 285 
Self-diffusion 
in crystals, theory of, 332 
in iron, 458 
Separation, of stable iso- 
topes, 263-87, 293-300 
Serine, conversion to gly- 
cine, 571-72 
Shell model, 55-61 
rule, 59-61 
Shell theory of nuclei, 45 
Shielding 
of cosmotron, 172 
of nucleus by electrons, 102 
from radiation 
of head, 503 
of spleen, 503, 511 
radiation 
in cyclotrons, 160-61 
in synchrocyclotrons, 167 
Shower, see Cosmic rays; 











Mesons 

Silicon, deuteron reactions 
with, 278 

Silver ion, diffusion of, 332 

Silver isotopes, nuclear en- 
ergy levels of, 285 

Singlets, in nuclear states, 
56, 59 

Sociobiology, irradiation ef- 
fects on, 517 


Sodium 
diffusion in cell mem- 
branes, 556 


ion, diffusion of, 332 
radiochemical determina- 
tion of, 352 
Sodium”? 
energy levels of, 92-94 
in plant nutrition, 599 
Sodium iodide, crystal, gam- 
ma ray response of, 
219-24 
Soils, exchange reaction in, 
601 
Soils research, 597-608 
Spectra microwave, in 
atomic mass ratios, 147 
Spectra 
atomic hydrogen, 364-72 
atomic, production of, 373- 
82 
crystal, at low tempera- 
tures, 400 
finite mass effect on, 382- 
86 
and synchrotron radiation, 
193-94 
of curium, 247 
of heavy elements, 379-80 
of liquids and solids, 400- 
01 
of mercury isotopes, 378- 
79 
of multi electron atoms, 
382-91 
of one electron atoms, 363- 
73 
of promethium, 377 
of technetium, 377 
of thorium, 247 
Spectral shapes in B-decay 
theory, 52-55 
Spectrometer in isotopic 
analysis, 402 
Spectroscopy 
atomic and molecular, 363- 
403 
hyperfine, measurements 
in, 282-85 
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microwave, 396-98 
accuracy of, 396 
methods of, 397 
neutron, in analysis, 354 
nuclear audiofrequency, 99 
radio-frequency, 398-99 
method of, 398 
Spectrum 
fluorescence, 400 
phosphorescence, 401 
Spheroidal core, and quad- 
rupole moments, 51 
Spin 
of 4-meson, 36-37 
of 7-meson, 27-29 
nuclear 
of helium’, 392 
and hyperfine structure, 
392 
of isobaric pairs, 282 
of light nuclei, 73 
for odd-odd nuclei, 61-63 
and quadrupole moment, 
50 
of stable isotopes, 282- 
85 
of tritium, 392 
volume distribution of, 50 
Spin echo, method in nuclear 
moments, 98 
Stars, nuclear 
in 4 -meson absorption, 39 
in 7~-meson absorption, 
30-32 
terminology of, 107-08 
See also Cosmic rays; 
Mesons 
Stercobilin, see Bile pigment 
Steroid metabolism, 545-46 
Strontium, radiochemical de- 
termination of, 352 
Structure 
effects on spectra, 386 
nuclear theory of, 43-65 
Substitution, aromatic, 
mechanism of, 326 
Sulfate, rate of tissue fixa- 
tion, 552 
Sulfur 
compounds of, exchange in, 
311-12 
isotopic ratio, terrestrial 
and meteoric, 151 
radiochemical determina- 
tion of, 353 
Sulfur** 
hyperfine structure, 283 
nuclear magnetic moment 
of, 283 


Sulfur*® 
in fungicides, 599 
transport in plants, 597 
Sulfur dioxide in plant me- 
tabolism, 599 
Sulfur metabolism, 551 
Superconductivity 
of enriched isotopes, 286 
theories of, 436 
Superconductors 
characteristics of, 433-34 
transition temperatures of, 
433 
Supermultiplets, evidence 
for, 44-45 
Superphosphate, as ferti- 
lizer, 606 
Surface diffusion, in silver, 
333 
Surface phenomena, 333-35 
Symmetry 
in shell structure, 60 
Racah’s theorem, 59-61 
Synchrocyclotrons 
beam ejection in 
by axial deflector, 167 
by electrostatic pulse 
deftector, 166-67 
by magnetic peeler, 167 
by nuclear scattering, 166 
by regeneration deflector, 
167 
frequency condition for, 163 
history of, 163-64 
listing of, 164-65 
magnet of, 169 
and meson production, 10- 
20 
meson production in, 164 
particle energy limitations 
in, 164 
phase oscillations in, 163 
radiofrequency power sup- 
ply in, 166 
research output from, 168 
shielding of, 167 
technical features of, 165- 
68 
Synchrometer 
in mass measurements, 147 
schematic view of, 146 
Synchrotron 
electron 
for meson production, 2- 
10 
proton, 169-174 
acceleration principle of, 
170-71 
bevatron design of, 173 
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bevatron scale model ana, 
170-71 
comparative designs of, 
173-74 
cosmotron 
design features of, 171-73 
listing of, 169-70 
magnet requirements of, 
169 
Synchrotrons 
categories of, 175 
focussing principle of, 175 
magnet design for, 179-81 
See also Synchrotron 
electron; Synchrotron 
proton 
electron, 175-95 
beam location in, 187-89 
betatron injection in, 181- 
82 
comparison between, 176- 
77 
counter experiments with, 
194 
electron gun for, 185-86 
injection of electrons in, 
181-82 
listing of, 178 
magnet excitation for, 182- 


84 

mechanism of injection in, 
186-87 

optical radiation in, 190, 
193-94 


orbit stability in, 179-82 

photodisintegration studies 
with, 194-95 

radiofrequency acceleration 
in, 184-85 

vacuum chambers for, 184 

x-ray beam intensity from, 
189-92 

x-ray beam spectrum from, 
192-93 

x-ray pulse duration in, 193 


ey 


Technetium, spectrum of, 
377 
Tellurium, isomers of, 285 
Tellurium isotopes, hyper- 
fine structure in, 282 
Temperature 
effects during irradiation, 
500 
negative state of, 101 
transition 
mass dependence of, 434- 
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36 
of mercury isotopes, 436 
ultra low, 439 
Temperature coefficient, in 
isotope separation, 299 
Testes, irradiation damage, 
514 
Thallium 
exchange of, 316 
nuclear energy levels of, 
285 
Theory, of nuclear structure, 
43-65 
Thermal diffusion, in isotope 
separation, 294 
Thiocyanate, uptake in thy- 
roid, 553 
Thorium 
alloys of, 449-51 
thorium-carbon alloy, 455 
chemistry of, 248-50 
complex ions, equilibrium 
constants of, 249 
compounds, crystal struc- 
tures of, 249 
intermetallic compounds of, 
541-56 
isotope shift in, 283 
lower oxidation states of, 
249 
physical properties of, 444- 
49 
radiochemical determina- 
tion of, 353 
separation by solvent ex- 
traction, 249 
spectra of, 247, 379 
Thorium chloride, heat of 
formation of, 250 
Thorium hydride, 446 
Thorium silicate, mineral, 
467 
Thorotungstite, 467 
Threonine, metabolism of, 
572 
Thyroid, effect on radiosen- 
sitivity, 501 
Thyroxine, metabolism of, 


552 
Tidal force, in nuclear 
theory, 50 


Tin 
exchange of, 315 
radiochemical determina- 
tion of, 353 
Tin'*, nuclear spin of, 282 
Tin isotopes, superconduc - 
tivity of, 286 
Tracers 





application of, 347 
in chemical systems, 301- 
35 
erroneous results from, 
301 
in surface chemistry, 333- 
35 
preparation of, 344 
procurement of, 344 
selection of, 344 
See also isotopes 
Trans reactions, see Ex- 
change 
Transitions 
electric dipole, 53-54 
in 3-decay, 62 
isomeric, 52 
nuclear, 53-55 
radiative, between levels, 
72 
Transphorylation by intesti- 
nal phosphatase, 551 
Transplutonium isotopes, 
preparation of, 256 
Transuranium elements, 
electron configuration 
of, 246-48 
Tritium, beta ray spectrum 
of, 228 
Tritons, in cosmic ray sec- 
ondaries, 122 
Tryptophan, metabolism of, 
570-71 
Tungstate ions, diffusion of, 
332 
Tyrosine, biosynthesis of, 
572 


U 


Uraninite-thorianite series, 
465 
Uranium 
alloys of, 449-51 
uranium-aluminum, 447 
uranium-iron, 450 
uranium-manganese, 451 
uranium-molybdenum, 452 
uranium-tantalum, 453 
uranium-tungsten, 454 
aqueous chemistry of, 253 
binary compounds of, 252 
boiling point of, 445 
chemistry of, 251-55 
elastic constants of, 446 
electron configuration of, 
247 
exchange of, 317 
halides of, 252 























hardness of, 445 
intermetallic compounds of, 
451-56 
isotope shift in, 283 
isotopic spectral shifts of, 
389-90 
magnetic properties of, 
247, 445 
melting point of, 444 
metal, 251 
in organic solvents, 254 
and oxygen system, 251 
8-phase, crystal structure 
of, 444 
physical properties of, 444- 
49 ‘ 
prospecting methods, 470 
radiochemical determina- 
tion of, 353 
in specific deposits, 469-70 
spectra of crystals of, 254 
spectrum of, 380 
superconductivity of, 445 
Uranium carbonates, min- 
erals, 466 
Uranium hydride, 446 
Uranium minerals 
in ore, 468 
in sedimentary deposits, 
468-69 
in shales, 468 
types, 468 
Uranium oxides 
mineralogy of, 465 
Uranium phosphates, min- 
eral, 466 
Uranium sulfates, mineral, 
466 
Uranothorite, 467 
Uranyl nitrate 
organic compounds of, 254 
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and water system, 253 
Urea, synthesis, 590-91 

nitrogen source in, 590 
Uric acid 

biosynthesis of, 578 

catabolism of, 578 


Vv 


Vacuum, in synchrotrons, 
184 
Vacuum chambers, in syn- 
chrotrons, 184 
Vacuum techniques, in cyclo- 
trons, 159 
Valeric acid metabolism, 543 
Valine, metabolism of, 573 
Vanadium 
exchange of, 314 
reduction to metal, 461 
Virus metabolism, 549-50 
Virus, phosphorus uptake 
from host, 550 
Vitamin B,,, in blood irradi- 
ation, 511 
Vitamin P, in blood irradi- 
ation, 512 
V-particles, 133-35 
charged, evidence for, 135 
decay products of, 134 
mass of, 134 
mean life of, 133, 135 


Ww 


Water 
biological half life of, 587 
reactions in irradiated 
cells, 497 
total body, measurement of, 
586-87 
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Wave functions, of doublet 
states, 57 

Wave guide, 397 

See also Accelerators, 

linear 

Weight, statistical in sym- 
metrical coupling, 60 

Willgerodt reaction, isotopic 
study of, 328 

Wolfram'*’, hyperfine struc- 
ture in, 282 


x 


Xenon, isotopic ratio, in 
minerals, 152 
Xenon! isomerism of, 286 
Xenon isotopes, nuclear spin 
of, 285 
X-rays 
beta-proportional counter 
and, 228 
measurement of intensity 
of, 189-93 
pulsed production of, 193 


Z 


Zinc, uptake in tumors, 554 
Zinc™*, 279 
Zirconium 
alloys of, 461 
displacement of plutonium 
by, 555 
production of, 460 
radiochemical determina- 
tion of, 354 
reaction with gases, 460 
reactor uses of, 460-61 
Zirconium", nuclear spin of, 
282 





